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ABSTRACT 

This is one of a Series of m instructional 
coaponents of a semester* long , environsental earth science course 
developed fop undergraduate students. The course includes lectures, 
discussi>pn sessions,- and individual learning carrel lessons. 
Presented <^'re th^ study guide and script for a learning carrel lesson 
on water, specifically vater quality and water resources. The slides, 
aiudiO'Cassette tape, and other inateDials necessary for this lesson 



are not incl\aded. (BT) 
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* Reproductions supplied by BDBS are the best that can be sade .♦ 
f tvoB the original docunent. ♦ 
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-ENVIRONMENTAL EAJRTH SCIENCE 



^ * "Bfnivironmental Earth Science" is new course developed at The UniVraity 
of Texas at Austin by tl\e 15ef)artmeni of Geological Sciences egid the Science 
Education Center. JCt is offered at The University of Texlas at Austin as 
Geology 36IK and has been tried out during the spring semes(bers of 1972, 19T3, 
197^, and 1975* Revisions have been» made a§ necessary after each tryout. The 
project vlthin vhich the course, has been developed has been isupported by the 
National Science Foundation. 

The course includes lectures, discussion sessions, and individualized 
Learning Carrel Lessbns. Extensive use has been made of multi-media technology 
in the presentation tf the course.' Learning Carrels for indivijiualized instruc- 
tion have been especlcaiy designed for this prograiA. The l^ectures introduce 
specific topics, suggest problems or question^, And provide background infor- 
mation. The discussion set^sions provide th? student, an opportunity to etsk 
questions and clarify ideas. The ais,cussion sessions ailso provide input -and 
feedback to the instructor. \ 

■ ■ ■• • \' ' 

The Learning Carrel Lessons have been writter^ facultyVnd graduate stu- 
dents in the geological sciences and in- science education* WrlSars and resource 
contributors include Dr. Robert Boyer, E*. Holland Bartholomew, Dr. Keith Young, 
Dr. Samuel Ellison, Dr. James Undeivood, Dr. DaVid Butts, Dr* Addison E. ^iee, 
David Ke^.l«r, Melanie Lewis, Wayne Schade, Ann Lee, and William McLoda. Tech-- 
nicians /involved in production of Scripts, sound, and photography were Stan 
Prescott, Ljje West, Charles Oeffen, and William McLoda* Artists were Jesus 
Rivas, Alice Canestaro, Aly Kpox,. anjj Javier Flores. 

«ach Leariving Carrel Lesson consists 9f a set of 2 x 2 slides, an audio 
cassette tape, a study guide, a script, and other materials necesscLry to the 
les8on\ The study guide and script are in this booklet. Students may set their 
own time schedule within an euinounced period wh^jn. slides and tapes^ are made 
available. y ' . 

The student should note the list of Leamihg Carrel Lesson topics to place 
in proper coptfmt the. lesson in this booklet, and then read carefully the in- 
troduction^ rationale, prerequisites; auid J^esson objectives in the study guid'^. 
Thci student should follow the infttructions in the study guide for the entire . 
lesson* In some instauic<is, these instructions are also repealed ^n the audio 
cassette tape. The slides and tapes have been synchronized to automatically 1 
advance the slides* appropriate to the audiotape. However / there is a tone 
signad. given before the change of each slide so tha' the lesson can be used 
outside of the carrel if Automatic facilities are not available. When the 
student is ready to 8;tart tlie lesson, the "on" switch should be pushed. If 
the slides and tape eo^e operated manually, both will need to be turned' "on." 
The first slide is )3LLways a title. slide or a blamk solid colored slide. If 



slides and tape are manually operated, this title or blank slide should 
be on view befonfe the tape* Is started* For automatic operation, the slides 
and tapes will be set up by the Instructor or Proctor beSore the lersson and 
between each use,^ It ia uiost Important to stairt each lesson according to 
these Instructions in order to provide synchronization of the slides and tape. 
1 Rom^ember that alidea placed in th# ias^ ^o -l^^se — 
are reversed from those to be used with a front view screen. 

The student will be instructed by the study ^ide and/or the tape to 
atop at various places tb ccurry out certain activities. Usually the audio-- 
tape will say, "Please stop the tape now and rf^start only when you have ig^ 
finished this e;jcercise." Therefore, the student should wait a few seconds 
to finish, hearingi^e inatructton after the word "Stop." However, one should 
not wait long enough for the tone signal or automatic change to the next slide. . 
This signal should be he«u:d after you resftart the tape. If the lesson is 
moving too rapidly, the student may stop the tape and slides at arty time to . 
consult the study guid,e or script, but it is NOT POSSIBLl: to tack \ip and 
re-^'examine a given slide without completing the entire cycle of the lesson. 

It is particularly important for the student to carry out the instructions 
for Q^Qtivities given in the study guide. In order that k record may be main- 
tained of these activities, each student should pick up a copy of the STUDENT 
RESPONSE. SHEET which include questions to be answered and the other activities 
requiring responses. These should be completed and tiirned in to the instructor 
«s required for grading, feedback for the instructor, and to provide a basis 
for student interaction in the discussion group, 
i 

^ Each Learning Carrel Lesson is independent within the context of the course. 
Some of them provide direct information on a given' topic; but in an individualized 
mode requiring some activities and thought on the part of the student. Others 
-place the student in a role-playing situation where some position must be taken 
on provocative questions or issues.'* O^ihers deal primarily with applications of 
environmentaa infoirmation^ In all the^ lessons, the student is expected to receive 
I basic information that is coordinated with the lectures, the small group dis- 
cussions, and the reaplinge^ 
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LEARNING CARREL LESSONS 



Section I: Man's Effect on Nature 



Lesspn 6. 1 
Lesson 6.2 
Lesson 6, 3 



Population 
Land ^Use 

Urban Crisis (Fiel^ Trip) 



Section II: Energy 



Lejjson 6.4 
Lesson 6.5 
Lesson 6.6 



Energy 
Energy Resources 
Future Projections 



Section III: Processes through Time 

r 

Lesson 6.7: Geologic Time 

Lesson 6.8*: Long Term Events 

Lesson 6.9: Short Te^m Events 



Section IV': Natural Rei^burces 



Lesson 6. 10 
Lesson 6. 11 
Lesson 6* 12 
Lesson 6. 13 



Minerals 

Conflicts of Interest 

Soils 

Water 



Section V: Oceanography 

Lesson 6.14: Ocean Resources ^ 
Lesson 6.15: Pollution of the Oceans 
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TO THE r>.TUDENT: 

This booklet contains two sections: (l) the Student Studjr Guide 
for Ihlti Lesson, and (2) the Script or printed copy of the discusaian rec- 
the arudig . casae^tte tape^ _ 

1 

You are expected to begin vlth the printed Instructions In the 
Sta^iy Tmide and fpllov them continuously as you study the Xesson ^ In many 
Instances the same or similar instructions may cdso be heard on the audio 
caBsotte tape. Refer to the script on\y if you need to refresh your 4aemory 
as to something that was said. The script' is provided because you calinot 
back up the tape if you need to review something already said on the t4pe, • 



specific instructions will be given in the' Study 'GuidQ aa to when 
to atant and stop the tape. Do not restart the tape Until Instructed to do 
so in the Study Guide, ' ' \ . ♦ 

« 

' Questions requiring written answers should be completed on- the 
STUDENT RESPONSE SHEETS provided hy, the Instructor. 



INSTRUCTIONS: 

.1' Read the Introduction Rationale and Oh^lectives for this lesson 
that follows. If you have* questions , check with the Instructor or Proctor. 



INTRODUCTION: ' , > 

Water is 8o plentiful for our personal needs we seldom think* of ±<i 
ti« a natural resource. However, .when man needs water and does not find it 
readily available-^ water becomes a precious natural resource. Another aspect 
of water that we often forget about ^iS its costs.. Monthly water bills are 
hfgher th^ they used to bej but the amount paid for all the water we u# in 
our homes is a Bmall percentage of our total living expenses. ^ 

le water conservation a problem worth ^considering? Is water quality 
of importance ;to us? Is there a water shortage? How is man using water and 
how d9es this use of misuse of water affect man? - In the l\iture will man find 
other sources of wat^r? -Thisf program will introduce you to some of the a^jswers 
to these -questions . 



RATIONALE: 

* * .• 

' Because water is so bagic to all of meui's activities it is w.orthy 
of study as a nat^reO. resource. In fact, geologists studying some petrole?um 
producing €ureas have proposed that^ the water resources in these ajeas may be 
Vor«th more money to the owner them the oil that is currently being removed. 



Thf* Nfieed and coHt of we^er^la increasing at a rapid rate. If man is 
to make e^fbct^Ye ut^e of this natural resource, he must tearn to treat it as a" 
precious resource — something to care ^or and use* without wi^pte^j Th%refo»*, 
the focus "Of this program is on man*s^se or misuse of water — a natural resource 



OBJECTIVES OF THIS LESSON: ' ^ ■ • 

After completing this lesson you should be able to:- 

1. identify areas where water is precious or bountiful depend- 
ing \ipon how It is .used 



descr-ibe where large cities get theft* water 



3» lt>t<^'ive factors affecting the water quality^.vhere 



^Qu rWe - ' ' ^"'^ ' I ^ 

U. classify the m^tjor factors affecting water quality in one 
of three " categories — " physical, chemical, or biological 
factors '^ ' • - 

.5. . (i^in^ water! pollution 

6. explain flve'basi\c ^^;teps in munWipal water treatment 

describe a solution for watfer shortage problems^ in 
cities and etgri cultural areas t 

Q. explain two sources of water that will be available, to man 
in the future 

-, •■ . ■ 

INBTRUCTXONS: , 

2. ^ Start the audio cassette* tape and slides , (For manually* operated . 
si'ide ccurousels, be sure the slide •n the s.cr«.en is thQ title slide or the 

^blank Ci;;>lored slide in slot number one. Otherwise, the slides euicl tape will not 
be synchronized, ^oweyen, in this particular lesson, the first slide is neither, 
^t has a message.)* Releuc aKd listen to the music for. the next 15 slides and 
you are told to stop the tape! , Then 3*^0? THE TAPE AM) SLIDES, and follow the 
instructions that follow. ' " • 

< ■ , 

INSHRUCTIQJJS': ' ' ' , • 

3. ^ Restart the" audio caaaette tap e. Li a ten to the tape and view the 
next 7 alidea. Ii<5cate the appropriate STUDENT RESPONSE SHEET a|jd check the . . 
appropriate apace under Frame 1 on your STUDENT RESPONSE SHEET. Each slidje will 
be on ^he screen for aeven seconda and the tape will net atop during theae ah^ings 

' . • • ■ ' ' ^ /^ 





Identify the following slides as precious or bountiful, (USE STUDENT*' 
i^EJpPCNSE SHKET) ' \ • ' " ^ " " V 

m 

t 

, Slide: Drawing water .from well 

Slide: Children playing in fountain 

..1 ' c 

Slide: Baptism scene ^ 

Slide: Cover of Lawn Care inap:azine 

Slide: Windmill 

♦ Slide: Washing clothes 

Slide: Family in bathtub 

Slide: Woman washing at sink 



INSTRUCTIONS 



^ h. -Following the slide showing a womdn washing at a sink, restart - 
the audio cassette tape. Listen to the tape apd view the slides until reference 
is made to Frame 2 and you are told to stop the tape. Then STOP THE TAPE AND 
SLIDES. Study the factors that alter the composition of water identified x)n 
the next page and convplelie the activity under Frame 2. List your selection of 
factor^ on your STUDENT RESPONSE SHEET. 

• ■ ^ . 



Frame 2- ] 

You are probably surprised to learn th^ there are so many factors that alter 
the conjposition of water ag listed on the next page. Prom'^s list of 22 factor 
select five factors that are most likelV to affect the water quality where you 
live .and rank the five factbrs by placiAg the appropriate number in the space 
profided on your STUDENT RESPONSE SHEET.\ Also list 'the least important factor. 



POUUTIOH ENTC^S THE WATfR CYCLE 




. ' /tp. 7 Tht8 nmoue ve>$lbn of (he fludrologie Cycle 8how$ the 
mQ)or Mourcctt of chemical aud physical polluti^iji, NdU the important 
inter^relatioyifihip bctwrcn stir pollution ayid ivntcr jpolh^tidn. Mati- . 
made poUuta}7($ upsi^t fM? balance bctucot U9tH>a{ pollxtion facto) a 
awff ^atiirul purificatioyt processes. 



(Reference^: Dr- Charles Renn, (W iv.niiii^r^i:fti ffnUIn 
* Chestertovn, Maryland^ Ipop)' 



Tht three ;>/i»ia/// sf'tgrs in (he Ilydrologic Cj'l^arr (A) Hvap^n^i 
tiort, (B) CortdcftSdtwit and (C) i'rrcipitatioiL 

Here arc some of thv factors that alter the cotnp^sition of uatvr. 

(1) Dust* iHirticlvs and gases 4ire filtered out of the attn^yi^ph'-re 
by falling sywxv and are trapped in the ««ou- banks, 

(9) Radioactivity in the atmosphere is usually carried by minuti 
dust fwrticlrs at high altitudes, 

(S) Flowing u ater erodes rocks and soil, adding suspended solids 



(V 
(V 

(e) 

(7) 



(9) 




Trees transpire terpens gas as ivell as tnotsture. 

Mine acid wastes have a severe effect on the pH and the chemi- 
eal compositipn of the water into xvhich they are discharged. 

Industrial gases are washed from the atynosphere by falling 
rain and snow. 

Crop dustiyig, an eeoftomical faryning practice, contributes to 
both air and water pollution. 

Rainwater leaches chemicals froyn the soil and from decayif^f/ 
veg$tatio7i and these soluble inater'ials are carried alon^ n. 
both surface and groi^nd water. 

Natural a hration by rapids and waterfalls activates changes 
in tfvs^ dipsvlih^ "wses content of the water. 

caii vary greatly in its composition 
itrial use of the winter and ^thc waste 
^fei[tm0nU.^^2:oce88es empt&yed, 

Duat particles eau^hi-h^winds can'drift great dislixnccs be- 
fore bcirig^ redeposited, 

(IM^ Large quaiittties of soluble fertilizer salts, plus insectirides 
^ and herbicides are washed into, surrounding water supj lu 

(ISJ Barnyard wastes coniribute both orgayiic and chemical pollu- 
tants, 

(H) Domestic septic systeyn^^ ultimately pass to ground iva' ' 
supplies. ' " 

(15) As wells draw off usable ground water, uyidesirable bnnc 
can enter the water table frorn mariyie^ estuaries and the sec. 

(16) Heat laden watefs from power plants introduce ' theryyial 
poUuHon. 

(t7), Marsh gas (methane) is manufactured naturally b^low the 
surface of marshes and swifmp lands. 

(19) , Afuntctpa/ water ireattnefit plants must be carefully managed 
i0j}revent iksir^ischarge from causing a disease outbreak. 

(19) Storm sewers carry away water that has bathed an entire city. 

(to) Particles- of^ salt from marine wave action arc carjicd to 
amazing heights by coastal wiyid curreyits. 

(tl) Atitojnot\V9 exhaiksis are continually adding hydrocarbons thct 
" art adsorbed by the moisture in the atmosphere. 

(ft) Oil leaks from vessels and offshore ^drilling operations sfin 
bf disasterous. 

17 
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INSTRUCTIONS: y ^ . , 

5* Restart the audio caaaettfi tape . Listen to, the tape and 
view, th^ tilld e a U UtA^ ^ re-j^er^ACit . i^ ^ m ad fi^^JE^iamA^^ -gf r ;>ii4^y — 

therf STOP THE TAPE AND SLIDES. Answer the question under Frame 3 on your 
STUDKNT RESPONSE SHEETT- ■ ' ' ' , 




I Frame 



Define t^Wer pollution. 



INSTRUCTIOl^S : 

6.. Before starting the tape look at Table I in Frame U. You will 
be asked to complete this table by using the information shown on t>he rfext few 
jjlldes. Restart the audj.o-^cRg1ie |||^^ but stop the tape after each Slide 
(5 slides^ and fill the info^M^nTn^ Table I on your STUDENT RESPONSE 
SHEET* Then contirtue to the'H^ext slide. Start the tape when you are ready • 



Table I 

Factors Affecting Water Quality 

Physical Chemical Biological 

Factors ^Factors Factors 
1 



etc. etc. etc. 



You will *lJ*Hasked to check your results with a completed Table I shown on the 
next slide. STOP THE TAPE. AND SLIDES and check your results. 



RUCTIONS: - 



7. ' t^eateurt the audio cassette :fe»pe . Listen to* the tape-and view the 

slides until reference ia made to Frame 5» then Ste THE TAPE AND SLIDES. List 

the steps in treating watfcr for drinking purposes under Frame 5 on your STUDENT' 
RESPONSE feHEEIfP, 
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List the stejps in treating water for, public drinking purposes 




INSTRUCTIONS : 



Restart the audio cassette tape > Listen to the tape and 
the slides until reference is made to the Texas Water Plan and you are 
to st^p the tape. Then>STOP THE TAPE AND SLIDES and study the Texas 
Plan as described on the following pages under Frame 6. *• 



•Study the Texas. Water* Plait .as listed on the failpvi^ig pages. 




rm TEXAS WATER PLAN 



INTRODUCTION 



Wat«r planning is a maans to an and and not an 
end in itself. Its objective is the development of water 
resources $9 effectively and economically as poasil^le to 
meet man's ne«ds while at «* same time protectinfl him. 
' from flooding and periodrtTdrought. The high dams and 
man-made rivers that stand as monuments to man's 
ingenuity and technical skills conserve and distribute the 
water y^hich is vital to his life and well being, and shield 
him from its detriments. These works are conceived and 
P>«nrHHj_ IQ Qvtrcomm tha sometfmei severe disperitiet 
between water resources as provided by nature and the 
timing and places of mah's needs for water supply. 

In the past. Texas citizens generally have been able 
to live wf^erever they chose without concern for^the 
availability of water. Where other resources were avail- 
able, a water supply was also generally available, either 
in the immediate vicinity Or at relatively jhort distances. 
People settled, developing these supplies where they 
were, found; investments^ were made, economies 
devel(]^d, and social and cultural values accumiUated to 
the benefit of all citizens of the State. - ^ 

* * 

Texans novy, however, are abl9 to see the limits of 
the State's developable water resources. Seeing these 
limits. Recognition has also come that wise use of the 
available vyater resources i% vital to the continued 
expansion of Texas? population, economy, and culture. 

By far the bulk of the water resources remainir>g 
available for divelopment in Tejcas occurs in the East 
Texas river basins. By contl-ast. large future water needs 
witl occur in areas to the west and southwest, several 
hundred miles distant, and in some areas, over 3.000 feet 
higher in elevation, w>iere available water supplies are 
limited and diminishing. Cities and industries in many* 
areas throughout the State wilt need^'more water or 
water o( better quality ^han can be made available from 
loc'el fresh water sources, 

Furthermore, studies^ for the Texas Water Plan 
»how conclusively thats presently , available water 
resources' arc grossly inadequate to Vwt Texas' future 
ecooomidiilly justified water needs. Importation of water 
from outof Statt aourcet wllfbe essential. Without it, 
retrogression^must Inevitably o<jcur^iii» soijie sectors of 
(he State's economy, particularly •gflculturt and assb- 
ciated agribusiness, witfS attendant ^re soehil prob- 
lemt of unwnpioymiilt and forcw^ population rtloca- 
tion. and lost of financial fnvastmantt. 



As a result of the Texas Water Plan studies, the 
Congress has authoriied the U.S. Army Corps of 
Engineers and the U.S. pureau of Reclamation to 
investigate a possible import of water. 

The Bureau of Reclamation is conducting studies 
of importing surplus water from the Mississippi River 
System into water deficient areas in West Texas- and 
eastern New Mexico. The Corps of Engineers ii partici- 
pating in these studies to determine the availability of 
water from the Mississippi in coordination with affected 
States,-^ the locations and types of conveyance channels 
required for movement of water to these wat«r deficient 
areas, and the effects of «uch withdrawals Vid convey- 
aoce facilities. The Corps of Engineert was authoriied in ^ 
May 1966 also to determine, in' cooperation with other 
Federal agencies, whether any modifications or additions 
should be ma«e in proposed Federal projects in relation 
to the Texas Water Plan, and to determine the ef fectn of - 
upstrearn developments on pollution or changes in 
salinity in the bays and estuaries and to recommend such 
improvements as are necessary to n^aintain or improve 
the quality 9f water!||^he bays. 

Concurrently, the U.S. Geological Survey is con- 
ducting a study of the Ogallala Aquifer in the High 
Plains of West Texas to determine the hydraulic and' 
hydrologic conditions in the aquifer impdrtant to its 
effective utilization in conjunction with an imported 
water supply. 

By 1972 the above federal agencies, the Water 
Resources Council, and the Office of Water Resources 
" Research will have spent several million dollars for ^ 
studies and investigations including the potential Import * 
of water to Texas and eastern New Mexico, and the 
conditions of jbe Ogali^l^ Aquifer of significance to 
Gontrnuing use. ' . 

f. 

Texas must continue to bear its fiill share of 
responsibility for developing and implementing plans for 
water import, and providing fdr the Equitable distri- 
Jxition within Texas of. waters now. or. potentially 
available for use. Since ^August 1964,_tha^ State has 
expended approximi^teiy $fO million in these planning 
activities. The time has now come to decide whethe)- this 
investment In ihe future is to beer fruK or to be thrown - 
away. ^ - 

Statewidt planning on a comprehensive long- 
ranga basis provides' a guide for. problem solving in . 
•dvince of need; It is ettential in • water-short #rea such 
Texaa. The Texas Water Plan hai bcfn praparw^ at 



f 



PIOURC I ■ I 

TH^ TfXAf WATER PROBLEM 
' . if2020 




EXPlAhli^iON 



Swrhic* Wai*r Avoilobl* in Ar*a 

J *t»»4»4 Hi area 

la •Kft* •! araa naailt 

'^WaUr D«(ici*nci«» 

Ta raaat araa naitlt 
(jj ta maal Naw Maxica NaatI* 



«uch i guide for wtttr policiM and devtlopmtnt, tnd for 
intergovtrnmsntal rvlationihipt affacttd by or afftcting 
water rttourct devtlopmant. The coordinated progret- 
sive Statewide devejlopment propoced will enhance th# 
effectiveneti of the large inveetmfntt of capital, labor, 
and materials and of water related land, reeourcet 
required to meet Texat' water needs; It' wiH allow a 
thorough and syttematte evelbation of thoie projectt 
which are to receive State finsAcial aid; and will provide 
k basis for selection of those which are in the Statewide 
interest. 

Water requiremenlte have been projected for a 
60-year period and h^eans of satisffing these reqqji^. 
mentt are proposed. It is I'vcognized th« If thjs Plan for 
water development, completed In 1968, is to provide for 
water to meet.people's needs to the yetr 2020, It must 
.be subhicted to continuinfl study, refinement, and 
alteration as changing needs, priorities, and wishes of the 
people oHhe State, may dieted. Thus It is a Plan that is 
flexible, regaining freedom of choice as to future actions 
'as long 81 possible, 



In developing the Texas Watpr Plan, the Board has 
used all historical date that could be accumulated; the 
resources df a qualified and dedicated staff; and the 
•dvte* Qf Federal and State agencies, universities, in. 
State end out-of-Stete consultants, river authorities, 
cities, water districts, and representatives of the various 
ecof\pmic segments of the State, as well as the opinions 
of the citizens of the State expressed during the hearings 
held by the Board in the summer of 1966. ' 

Recognizing that continuing study and investi* 
giition will be needed of futur*- water needs and 
problems in Texas, the Board nonetheless believes that 
sufficient informatibn is now availeble on which to base 
this comprehensive Statewide Water Plan*:^ 



INSTRUCtlONS: ♦ ^ 



9« Heaturt tht? audio c^taaette tape . Llaten to the tape and vlgw the 
alid«a i^tll reference is raad« to Frw 7. Th^n STOP IME TAfE AND SLIDES. Liet 
the atej^^ under Frame T on your STUDEffT RESPONSE SIJEET. x . 



I Frame 7 



♦ 



Solar Distillation 

Step I (think of the aim's energy) 

Step II (think of ghat's happening to the water) 

Step III (think of what's happening to make the water in liquid form) 
Freezin^^: Process - , 

start with, he sea water as it enters th^ system and follow through the 

process 

The first step ig to ( ?) the sea water. 
The second step is to (? ) the ice. ^ 

The third st?p is to (? ) the ice to obtain fresh water ."^ ' 



INSTRUCTIONS : 



I 



10. Restart th& au^o cassette tape . Listen to the tape and view the 
slides until reference is made to review of the major ideas in this program 
and the activity to be recorded in Frame 8, then STOP^ THE TAP© AND SLIDES. Record 
the result of your activity under Frame 8 on youi* STUDENT RESPONSE SHEET. 



Frame 8 



The major pofAts developed. in this lesson swe to be summarized on your STUDENT??' 
RESPONSE SHEET. Look at each slide and try to recall the btg ideas associated 
witKh that 'slide. ° , 

Storm Picture ' 

Personal/Ind^stiy /Agriculture . • ^ 

Distribution and Timing \ - 

Demand is High 

. - Recycie • ♦ ^ , , 

, Water' Quality ^ . * * 
X ' How you looTc at it ' , " ^ 

Plans . - 

Technology \ 




INSTRUCTIONS-: 

11. Re ^tsu't, the audio cassette tape . Listen to the tape and view-the 
slides until the end of this lesson. Then STOP THE TAPJl AND SLIDES. 



10 



ANSWERS TO QUESTION^ iN BTUDV' GUIDE 



FRAME 1 Answers 



Identify the following slides as precious or bountiful. 



Preciouo ^Bountiful 



Slide: Drawing water from well ^ 

Slide: Children playing in fountain 

Slide: Baptism scene 

Jlide: Cover of LajmjCare magazine 

SMde: Windmill 

SlideV Washing clothes 



Slide: I^ly in bath 
Slide: Woman washing at sihk 



\ 



X 



I FRAME 2~\ Answers 



You are probably ipjfprised to learn that there are so many factors that alter 
the composition of water. From this list of 22 factors, select five factors that 
are most likely to affect the water quality where you live and rank the five factors 
b^ placing the appropriate, nuihber in the space provided. 



Most important factor 



For Austin, T«cas , the ranking would 
be as showh. Other "localities would 
likely have a different ranking, ' 



Least impo;rtant factor 



18 



Ik 



12. 



8 



3- 



I FRAME 3 1 Answers 



I 



Nty definition of water poH||^i^ is^' water becomes polluted vhen natureil or manmade 
materials are a^ded to the waxer faster than natural processes can remove them apd 



the> water cantiot be used for i^a Intended purpose . 



17 



i KtUMK ^ ] Answers 



Table I 

Factors Affecting Water Quality 



Phy8lca.l 
F'actprs 


Cheraic8LL 
y Factors 


Biological 
Factors 


Turbidity 


Nitrogen content 


Odor 


Total solid* 


•Dissolved metallic ions 
. « 


Algal count 


Rn'dloactlvlty - 


^ Oxygen content 


Tasle 


Temperature 


I**luoride content 


Coll form count 






: BOD r 



•FRAME ^ I - Answers 



The steps In treating water for public drinking purposes are 



Ste 



? 



Primary settling 



Step II Miffing of ba3ic chemical treatment materials 

Step III Secondary settling and ^clarification' ^ 

StepY^ v j'iltration . ' ' ' 

Step \| ghlorination aQd final chemical treatment 



FRAME 6 I Answer^ 



Study the Testiis Water Plan. 



FRAMB^ 7 I Answers ' > ' 

Solar Distillation ' , > . 

Stej? I (ihink 6f the sun's energy) Warms the "water • ' 
* Step.fl (think of what* s happening to the water) Water e vapor at 6s in vapor form 
step ITT (think of what's happening to make the water in litiuid form) Water 
M vap9» condenses on the glass > ' * ; 
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P^RAME 7 I Answers 'f continued) 

I Freezing Procesn ' • 

i)tart with the sea water as it enters the System and 'follow through the 
proceH»» 



The first step is to freeze the sea water. 



The Becohd step is to scrape the ice. 

■ — ' — ' — , % 

The third step is to melt the Ice to obtain fresh water. 



f FRAME 8 I AiiaveYs 



ERIC 



Tlie major points developed in this lesson ai^e to be summarized. Look at each 
slide and try to ^-ecall the^big ideas associated with that slide.. 

Each student should formulate his own ideas as suggested by the information on 
the slji^et The ideas will "be similar to thoQe shown on this answer sheet. 
' ■■ ^ ^ 

Gtorra Picture: the atmosphere is the source for our /fresh water 

PerBonal/lndustry/Agriculture: major water users 

Distribution and Timing: water problems develop because of the uneven " ^ 

diatrlbutic?in of water and the problem of Obtaining the water at Just 
the right time r 

Demand Is High: 1^7 gallons per day per pergon 

Recycle: water can be used over and Q^er provided it Is treated properly to 

meet, the rec^uirements of the next user 
Water Quality: water guaJLlty requirements vary depending upon the Intended ^ 

uge of thi^ water ^ 

How you look at it: water quality depends .upon the point of view of the ' 
Intended user ' ^ - - 

Plane: J bjBny plans'' have been formulated to redistribute the water across the 
vettem United States > , 

Technology : deaalinatlon plants vlll be used more extensively in the future 
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, SCRIPT PGR LEARNING CARREL LESSON 

6.13 * 
.WATER 



ENVIRONMENTAL STUDIES 

A Cooperative Project of the Department of 
Geological Sciences and^ the Science Education 
Center. * 



THE UNIVEESI^fY OT TEXAS AT AUSTIN 



"WATER" Learning Carrel Hub son 6.13 



1 



'hi a pro- 
gram begins wiTK 
a musical inter- 
lude. Relax and 
enjoy the music. 



Title Slide' 



Thunderstrom 
approaohing 



BC Cfurtoon. 



V 



BC Citrtoon 



1 



i 



BC Cartoon 




r 



storm ^ 
picture 



BC Cartoon 




11 



Stom 
pict4ire 



12 



BC "Cartoon 



s 



& 

ERIC 
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o 

9 



Wh^t kind of mental picture di^ you create? If you recalled 
some earlier experienjce in a rainstorm as I did, you, probably 
asked yourself, "Where did all the ^ water come from? How can ^ 
so much water fall from the sky?*' I won^t be-'able to answer 
these questions in, this protgram, but I do want to reinforce 
th^ idea that most water on the surfAce of the earth came 
from the atmosphere. -i " 



••4 



This program id about the use and misuse, of water — a natural 
resource 6f man. A study of the wacjr water is used at any 
one location will tell you whether water is precious or 
bountiful. Study the next eight slides carefully. If you * 
feel that water is precious or bountiful at that location, 
check the? appropriate space in Frame 1 of the Study Guide. , 
gj. Stop the tape now. 



Children play- 
ing in ;Coujntain 



i 



/ 



18 



Baptism scene 



r 



' Cover of 
Lavn Care 
magazine 



20 



Windmill 



=Rir 



21. 



r 



Wnnhlng 
<* lotho'a 




r 



Family In batb- 
tub 



(Japan) 



'1 



23 r 



Wom€in washing 
at sink 



f 



2k 



Beaker ,of vat^r 



Let's consider for a moqent.>ca*er of the ways oip' lives are 
affected by our use ^^j^-i^S^er . We drink it sometimes even 
from a beaker. 



♦ J 



7 



'^5 



2^ 



Recreation 
photo 



1 



j 



We enjoy it for recreation. 



V 



26 



Shot of a 



P 



We use it for irrigation and power, V~ 



27 

Ocecul 
vessel 



We use it for transportation* 



Catching 
^ crabs . 



. ..w^li^plEJtain food from the Vater, 



ERIC- 
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8 



and we \|8e it to cArry away industrial and personal waate. 



This map of the United States shows the average precipi<tation 
within our country. Notice that most of the western hatlf 
of the United States receives the smallest amount of rainfall. 
Thus, this area will haVe different kinds of water problems than 
the eastern half of the United States. 



In this slide the mecui annual flood potent ieO. of the United 
States is j3hown. The darker colored areas show where water 
is available *in large quantities. However, this water may 
not always be available for man'» use. At flood times, too ^ 
much water comes in a sljort time interval and the water 
gets beyond our control. 



As the old farmer used to say, "It's either feas.t or faanlno." 
Putting this saying ih the perspective of this program* "It's 
either flood or drought." Fpr only at a few locations on 
the earth do we obtain from the atmosphere all of the- water 
we heed at; the ejcact time we need it. 





Us 
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XV U.S. 
gal ions /day 



The demand for water is enormous 157 U.S. gallonii pet- 
person per day. Thia fl^^ire is determined ,by estimiitlns^ 
the total number of gallons of water used per day for eai 
purpo8*fl — drinking water, agricultural usage, industrial 
usage, and all other uses — and dividing by J^he number of 
people in t*ie Unl^t^d States. 



r 



3U 



70-100 x.lO^ ' 
gal Ions /day ^ 



"1 



J 



In some lar^e cities water plants must supply as much as 
70 million gallons of drinking water per day and there are 
35 mijfiicipal systems of this size or larger.- The demand 
for water In New York City ♦is moi*e than lOD million gallons 
per day. 



Map of ' 
CfiLtfornia 



"1 



Where do cities get the water they need? The five largest 
take water from the Qreat Lakes. Ten other large cities take 
water from major ri Vers. This slide shows that every major 
river flowing out of the Sierra Nevada mountains is dammed. / 
Notice the network of canals showing how the water Is dis-' / 
trlbuted throughout California. The canals along the weeterh 
side of California primarily carry water 'for. serving cities/ 
Other canals carry for irrigation. \ ' j 
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Water can by 
recycled 



Fortunately, water is not destroyed by man's use. It can 

be used over . and' over again prqyided thift it is treated 

when necessary and it does hot escape, by infiltration, run off ^ 
■or evaporation. . , . 



'ERIC 
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In the Study Guide you will find> this picture. Cqanplete 
the Study Ould# activity in Frame 2 before continuing the 
program: Stop the tape nov. 



Welcome back. In the next part of this program we will 
look at some of the ways that pollution of pur water 
supplies reduces water quality. 



7 



J 



4 ^ 



The water you see here has organ It compounds to produce 
flavor and provide a mild Btlm\jaating action. Wo\ad you 
say this water is polluted? </ciuld an underground aquifer 
containing tea be polluted? What is a good definition of 
polluted water? Write your definition In Frame 3. 
Stop the tape npw.- 



f 



The factors affecting water quality fall int6» three 
categories — physical factors, chemical factors, and 
biological factors. In the Study Guide (Frame V) you will 
find a partially completed tahlef — Table I, As I read some 
of the factors af/ecting water quality, Vrite the name of the 
factor under the category heading that best characterizes it'. 



50 



Odor 

Nitrogen content 
Turbidity 
Alg&l count 



7| 



r 



The first four f*iot6r8 «ure: 

Odor' ^ < 
Nitrogen content 
Turbidity 
' Algal coixnt 



h2 



r-r~i- 

1 



Total, solldflsov 
Taste 

Conform count 
Plssolvfed metal- 
^ lie ions 



"1 



r 



The next four factors are: 

^> Total soll^ 
Taste 

Colifor* count . . 
Dissolved metallic ions 



\ 



Oxygen content 
Fluoride con- 
tent 
BOD 



Classify these factors: 

Oxygen content 

Fluoride 'content 

Bi oiog 1 cal-Oxygen-Demahd 



r 



fadl^ 



Radioactivity 
Teinperature 



andjfincLlly 



Radioactivity 

^ and 
Temperature 



3j 
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Slide of 
completed 
Table I 



Let's see how veil you did! * Match your results vlth the 
completed table shown here. 

If you misplaced more than three, you should stop the tape 
and talk to the t>roctor. Stop the tape tiow. ^ 

« 

\ 
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Welcome, back 



The exercise you have j-ust completed illustrated same of 
the factors that affect the quality of drinking water. 
ExceMive amounts of any Combination of these factors makes 
the water unsuitable for drinking and makes the water polluted. 
A different set" of factors have to be considered if we were 
looking at water pollution in industry or agriculture. We '11% 
illustrate this point in the next few slides. ^ 



hi 



Coors can- 



On this slide you see one of the more selective water users'? 
Not only does the water to make beer have to meet public 
water standards, it cannot be" chlorinated. The chlorine 
would impede the growth of y^ast decreasing the quality 
of the beer. 



l»8 



Electric pdwcr 
plant 



J,. 



The electric power plant on tfiis slide has one of the most 
stringent water standards of six. Because of the high 
temperatures and presswes of the water used in this plant, 
2 almost any impurity in the water will lead to 8om« kind of 
^ mechanical failure, Tpf high degree of purity of boiler 
water requires that most plscnts of this type have their own 
purification equipjaent^. 



32 



l»9^ 



Irrigation ohot 



On this slide you aee a wetter user that eome would aay 
r^quli*«a water of the iowett quality. This la aometlmeB 
true to the eventual Borrow, of the fanner. Water uaed for 
irrigation that contalna a hi«i^ concentration of iron, 
copper, Jilnc, pr salt will build up in the aoll rendering 
it infertile unless fairly expensive meaaures are taken to 
prevent thJH problem. It la often cheaper in the long run 
to use water of higher quality. 



50 



Water, treatment 
p+ant 



We'll return for a moment to a more detailed discuaaion of 
water treatment for public drinking auppllea. A modern 
treatment plant — like you aee here — ia designed for the 
intended water source and the intended uaer. Each plant will 
be different because, of this. Hovever, moat water treatment 
plant 8^ remove solid suapensiona, certain' biodegradable coinpounds 
such as nitrates and phosphates, ^d pathogenic organisms. 



51 



Schematic of 
water treatment 



Thi» slide shows the five basic stepa in municipal water 
treatment. In Frame 5 you will find apace to copy dowr\ 
the five water treatment pro<5esae«. Complete Frame 5 
before continuing. Stop the tape now. 
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Water quality 



The following summarizes our dlacusaion of water quality 
in a few Vords. If man or nature adds impurities faster 
^ than natural proceasea can 'remove them, we must treat the 
water in aome way. The treatment proceaa iii related to 
what impurltiea muat be rempved and the future use that 
' we expect to malce *of that water. ^ ' 



c 
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Water t^rplusea 
and daflclencles 
in the U.S. 




Let's look at water problems on a broader ^licale.' The 
elide you see here shove the water surpluses and defi- 
ciencies in the United States, Obviously, some areas - 
particularly in the Midwest and Western part of the 
United States lack water. ' is this water problem then 
primarily a shortage of water in ^he United States? 



1 
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Hydrologlc 
cycle • 



This slide shows the hydrologlc cycle. In a general way, 
the cycle- can be^ described bgr starting with atmospheric 
water vapor tmat changes into liquid and/or solid form as 
precipitation^ thence along or into the^ ground and finally 
returning in the form of atmospheric water vapor by evaporation 
or transpiration. There are several shortcuts in this cycle 
but th» general Idea will suffice. 
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Some d&if 



56 



Is there a 
water shoi^ageT 



It has been estimated that one anrf one-haI^f thousand 
trillion gallons of water is precipitated in the United 
States — not includiriglAlaska and Hawaii — each year. 
This is almost 8 milllol gallons of water for each man, 
woman, and child in the United States. Water usage in 
the United States Is b^etween 1*5 to 55 thousand gallons of 
water for each person each year — far less than falls 
to the earth from the atmosphere. 



1 
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By now you are probably ready to admit we do not have a 
shortage of water, ^le problem Is not one of -total 
amount of water, rafJier It is a distribution problem. 
We have a water sljprtage when man's activities require ^' 
water but' it is not available at the time he need* It. 



/ 




S4 



4 



15 



1 11^^ 



Four Ideas 



J. 



This program will suggeat four solutlono to the Water 
ahprtage {)robl«m. First, I'll diacuas a aolution for 
urban areaa^ tecond. a plan for providing watitr pri- 
marily for agricultwral 'areaa; third, an idea for 
improving the diatrlbutlon oTvater acroaa the United ♦ \ 
States, and fourth, an idea for improving the dliftrlbution 
of water throughout the world . 



View <Y city 



Some parts of the United Stat«i> are heavily populated. 
New Jeraey has about 800 people per aquare mile. Pop\aa- 
ti,on cone entrjit ions put high demands on water sources. 
One thing we can do to relieve the problem of a water 
shortage for cities is to recycle the water. 




Map of Ohio 
River 



Another eiample of recycling. Before it reaches the 
Mlasiasippl the water of the Ohio River is recycled on 
an average of four titoea. This cleanup wo^k Is done by 
agriculture, In^try,. munlcipaJ^ies, and other interest 
groups forming a voluntary InterMate compact known as the 
Ohio River Valley Sanitation Commlsalon. Clewiing up the 
river will make it suitable for recreational purposes as' 
well as taking care pf man's water needs. 



If 
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Canal shot 



/ 



How can we provide more water for agricidtural needs? 
On an earlier slide you saw how canids in California 
have been built to tifansport water from Northern California 
ijfi Southern , California. The water Is primarily used for 
hwn consumption ai^flt^gfrl culture. This is an example of 
redistributing the wfcteV to fit man's needs. 



\ 
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The Texas 
WHter Plan 



Many dlf fereniC plans have been proposed to earry^ater 
long dlstancet by canal — r for example, from the state 
of WashingtonV^o Arizona. Texas has^develdped a- plan 

ton a smaller seal* to supply the needs ^of people in 

fWest and South Texas. 
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Map of ^e 
Texas Water 
Plan 



The Texas Water Plan ds shown on this map. To help you 
visualise the magnitude- 6f carrying out such a plan, I 
want you to read the description in the Study Guide before 
the program continues. Stop the tape now. (Frame 6) 
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Map of U.S. 
showing water 
plans 



1/elcome back. You can now reeaize the immensity of the Job 
man faces if he wants to redistrlbiite water by means of 
canals. Tmly, this is an expensive operation and we must 
fisk ourselves — is it worth the cost of time auid money 
and resources? For the people without water, it is 
worth any cost. 



6U 




Weather ^ 

modification 



' 1 "Id I 




■ ' - ■ • A 

A more specv^tiv^way of distributing water to areas that 
are water deficient is- by; weather modifications. Wfe. know 
that the atmojmhere pasKlhig qver many dry areas contains 
ehormouB quantities of water. The problem is hov to make 
the atmosphere precipitate the vater where it is needed and 
at the time It Is needed. ' 
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Cloud 
seeding 



~u__r 



At the present time, many effbrta are being used, to augment- 
precipitation supplies by cloud seeding. 5ere you see the 
affect of seeding a cloud with dry ice. 



66 



What does the future hold for the success of weather 
modification? Some research studies, confirm that 
veathcr modification techniques «tre suctfessfui; hovever, 
man cannot depend on this technique to solve ftis water 
problems in the florseeable future". 
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Desalination 



Let's look at another promising process for obtaining fresh 
water — desaainatlon. This pjrocess produces fresh water 
by removing unwanted Ions from seawater. Several different 
methods are currently being used. 



68 



ScheMtio 
of 

Desalination'' 
process 



This slide shows a pchematic diagram that illustrates 

several desalination processes. Study the slide carefully 

and theiT-write down the steps of thefe processeji in Frame 7 of the 

Study Guide. Stop the tape now. 



ERIC 
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Is 



Coot 

B)nerg>4)«n&nd 
Transport 



What ar«^ some of th* problenuj related to deealinatlonT 
Flret, it la currently expensive but decreasing in cost 
as technology improvef; second, it requires enormous 
amounts of energy —perhaps nuclear pover vlll be able 
to supply enough energy in the future; and third, the 
water ittll^have to be pumped to thd location of usage. 
Clearly, this is a water source for the future. 



TO 
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Storm 
picture 



C 



The major ideas developed in this program will be reviewed 
in the neSct series of slides. After each picture is 
presented, you -H^e to stop the tape and write down 
the major IdeA ' Ifuiggested by the slide in irhe spaces provided 
in Rrame 8 in th^ Study Guide. 

Write your summetry statement in Frame 8. 
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Personal 
Industry » 
Agriculture 



Write your summaiy statement in Frame 8, 



72 



Distribution 

eund 
Timing 



Write your summary statement in J^amt 0. 



■IBiihiifc- 
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Demand Is 

High 



" Write youSr^ ■umary statement in Prarae 8. 



Recycle 



Write your summary statement in Frame 8. 
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Water 

quality 



• ^ ■ ' ^ ■ 

Write your sunnnary statement in Frame 8. 



/ 



How ypu look at 
it 



Wirlte your suntoary "Statement in Freone 8. 



ERIC 
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Plana 



Write yottr fiunanary statement In Frame 8. 
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Technoloigy 



Write your aumnxary statement in Frame 8. 




21f 



$1.96 /gal Ion 



Whatever solutions we find in the future to our water 
problems, the cost of water for all , -purposes will continue 
to increase. Hopefully, not to the. extent you see here» 
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. The .i^d of 
thld' Lesson 
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•LESSON 6.13:' WATEp 



STUDENT /RESPONSE 'sHEiCTS 



1 



.4 



' it 



Namt 

Date 



4 



LESSON 6>.13: WATER^^ 

♦ 

-STUDENT RESPONSE SHEET, ' 
I Frajnw 1~1 Identify the following elides as precious or bountiful: 



felide 
Slide 
Slide 
Slide 
Slide 
Slide 
Slide 
Slide 



Drawing water |p*om well 
Children playing in fountain 
Baptism scene 

/ 

Cover of Lawn Care magazine 

Windmill 

Washing clothes 

Family in bathtub 

Woman washing at sink 



PreclQus Bountiful 



I Frame 2~| 



V. 



From the list of 22 factors that alter the composition of water » select five 
factors that are most likely to affect the water q.ualitK vhere you live and rank 
the five factors .by placing the appropriate number ih the "space provid«vd. 



Most Important factor 



Least impoirtant factor 



\ Frame 3 1 definition of water pollution is: 



i 



LESSON 6.13: WATER. 
STUDENT RESPONSE SlS^ 



I Frame U 1 Complete Table I below: 



Table I 

i 

.ct^ra A#^eoting Water Quality 



Physical 
Factors 



Chemical 
^ Factors ■ 



Biological^ 
Factors 



I Frame 5 I The steps in treating water for public drinking purposes are: 



Step 1 
Step II 
Step III 
Step IV 
Step V 



I yrame 6 | Study the Texas Water Plan. (No specific qtuestlons) 



ERIC - 



43 



Nmq* 
Dftte 



LESSON 6.13: WATER 



STUDENT RESPONSE SHEET 



I Frame^ tI Complete the steps below: 
• Golar plst illation . 

Step I (think of the sun's energy) 



1 4* 



Step II (think of what's happening to the water) 



Step 111 (think of what's happening to make the water in liquid form) 



Freezing Process 

Itart with the sea water as it enters the system and folloy't^ough the 
process. 

^ TheVfirst step is to the sea water. 



The second st^p is to ^ , the ice. 

The third step is to the ice to obtain 

fresh sea water. ^ 

^ ^ I . •, 

I Frame 6") The major points developed in this lesson are to be summarized. Look 
at each slide and try to recall the big idea associated with that slid^. 

S:^ora Plctura * , 



Personal/Industrial/Agriculture 



Distribution and Timing 



LESSON 6.1^: WATER 
STUDENT RESPONSE SHEET 



I Frame ^ (continued) 



Recyple 



W^er Quality 



How you look at it 



Plans 



Technology 
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